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This invention relates to two-stage proportion 
al hydraulic control valves and has for its ob 
ject the provision of a simple, reliable propor 
tional hydraulic control valve in which the effect 
of reaction forces is minimized to reduce the ac 
tuating force required to operate the valve while 
maintaining stable operating conditions therein. 
In general, my invention consists of a two 

stage proportional hydraulic control valve in 
which the operation of a relatively large main 
valve thereof is controlled in proportional re 
sponse to the operation of a relatively small con 
centrically positioned pilot valve. 

For a complete understanding of my inven 
tion, reference should be had to the following 
Specification and the accompanying drawing 
which is a cross-sectional view of a hydraulic con 
trol valve illustrative of my invention. 

Referring to the drawing, I have shown there 
in a proportional hydraulic control valve illus 
trative of my invention and comprising a hous 
ing 2 having a dump passageway. 3 and inlet pas 
Sageway 4, a pair of working passageways 5 and 
6, and a hollow cylindrical interior surface T. 
Each of the passageways 4-6 is spaced in the 
housing 2, as shown in the drawing. Passageways 
3 and 4 provide communication betWeen the ex 
terior and interior of the housing 2, and passage 
ways 5 and 6 extend from the exterior of the 
housing 2 a predetermined distance in the direc 
tion of the interior thereof. 
A cylindrically shaped valve sleeve 8 having a 

cylindrical bore or interior 9 is assembled in fixed 
position within the interior surface of the hous 
ing 2. A cylindrically shaped main valve 0 hav 
ing a hollow cylindrical interior surface and 
opposite ends 2, 3 of reduced diameter is slid 
ably positioned in the interior 9 of the valve sleeve 
8. The housing 2 is provided with a pair of Op 
posite closed ends 4, 5 having a pair of aligned 
apertures 6 and 7 respectively located in the 
opposite ends 4, 5 as shown in Fig. 1, to ac 
commodate respectively, the projecting ends 2, 
3 of the main valve 9. A main body portion 8 
of the main valve 0 is made of shorter length 
than the length of the housing 2 to form a pair 
of pressure chambers 9 and 20, one at each end 
of the main valve O between adjacent surfaces 
of the housing ends 4 and 5, the main valve 
{ 0, and the valve sleeve 8. - 
Within the cylindrically shaped interior sur 

face f l of the main valve O, I provide a pilot 
valve 2 having a relatively small diameter as 
compared with the diameter of the main valve 
10. The pilot valve 2 f is slidably positioned in 

O 

5 

20 

25 

40 

45 

50 

55 

2 
the interior surface of the main valve and 
has opposite ends 22, 23 exposed to the exterior 
of the housing 2. 
The pilot Valve 2 f is operated by any suitable 

device. For example, I prefer to use a pair of 
proportional Solenoids 24, 25 having respective 
armatures 26, 27, and respective operating coils 
28, and 29 and positioned one at either end of 
the pilot valve 2 to provide engagement of the 
armature 26 of the solenoid 24 with the end 22 
of the pilot valve 2 t and engagement of the ar 
mature 2 of the Solenoid 25 With the end 23 
of the pilot valve 2. An example of propor 
tional solenoids suitable for operation of the pilot 
valve 2 is shown in U. S. Patent 2,435,817 of 
Boynton et al., assigned to the same assignee as 
this present application. The pilot valve 2 is 
arranged for slidable movement on the interior 
surface of the main valve to in accordance with 
the relative energization of the coils 28, 29 of the 
respecteive solenoids 24, 25. 
To provide for the passage of fluid under pres 

sure from the inlet passageway 4 to a selected 
one of the working passageways 5 and 6, depend 
ent upon the slidable position of the main valve 
0 in the valve sleeve 8, an annular groove 30 

communicating with the passageway 4 is formed 
in the outer periphery 3 of the valve sleeve 8. 
A plurality of apertures 32 communicating with 
the groove 3 are formed in the valve sleeve 8. 
A pair of spaced annular grooves 33 and 34 are 
formed in the outer periphery of the main valve 

9 on opposite sides of the aperture 32 of the 
valve sleeve 8. A pair of spaced annular grooves 
35 and 36 communicating respectively with the 
working passageways 5 and 6 are formed in the 
interior surface of the housing 2. A pair of 
spaced annular grooves 3 and 38 communicat 
ing respectively with the annular grooves 35 and 
36 are formed in the exterior periphery of the 
valve sleeve 8. A plurality of spaced apertures 
39 communicating with the annular groove 37 of 
the valve sleeve 8 and annular groove 33 of the 
main valve 6 are formed in the valve sleeve 8. 
A plurality of spaced apertures 40 communicat 
ing with the annular groove 38 of the valve sleeve 
8 and the annular groove 34 of the main valve fo 
are formed in the valve sleeve 8. 

It will be noted that the formation of the an 
nular grooves 33 and 34 in the main valve iO pro 
vides a land 4 aligned with the apertures 32 of 
the valve sleeve 8 to interrupt communication 
between the passageway 4 and the grooves 33 
and 34 when the main valve to is in the “off” 
position, as shown in Fig. 1. - Thus, for the 'off' 
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position of the main valve 9, fluid under pres 
Sure is prevented from passing to either of the 
working passageways 5 and 6. However, when 
the main valve 0 is slidably moved to the right, 
Communication is established through the groove 
33, associated apertures 39 and associated grooves 
37 and 35, to the working passageway 5. Thus, 
fluid under pressure is passed from the passage 
way to the passageway 5 when the main valve 
0 is moved to the right. Conversely, when the 
main valve 0 is moved to the left from the 'off' 
position, fluid under pressure is passed from the 

10 

passageway 4 through the annular groove 34 of 
the main valve fo and associated apertures 48 
and grooves 38 and 36 aligned with the annular 
groove 34 to the working passageway 6. More 
Over, the amount of displacement to the left or 
right of the main valve 0 from the “off’ posi 
tion is determinative of the area of apertures 32 
utilized to pass fluid to the selected passageway 
5 or 6 and therefore determines the flow of fiuid 
through the two-stage control valve . 
To operate the main valve in response to 

the Operation of pilot valve 2 by solenoids 24 
and 25 and to control the movement of the main 
valve 0 proportionally to the movement of the 
pilot valve 2, an annular groove 42 is formed in 
the land 4. A plurality of apertures 43 aligned 
With the annular groove 42 are formed in the 
main valve 0 to provide communication between 
the annular groove 42 and the interior of the 
main valve (). A pair of spaced annular grooves 
44 and 45 are formed in the outer periphery of the 
pilot valve 2. A pair of spaced annular grooves 
46 and 47 are formed in the interior surface 
of the main valve 9. A plurality of spaced 
apertures 48 associated with the annular groove 
46 are provided in the main valve O to provide 
Communication between the annular groove 44 of 
the pilot valve 2 and the pressure chamber 9, 
and a plurality of Spaced apertures 49 associated 
With the annular groove 47 are formed in the 
main Valve G to provide communication be 
tween annular groove 45 of the pilot valve 2 f 
and the pressure chamber 28. It will be noted 
that the formation of the annular grooves 44 and 
45 in the pilot valve 2 provides a land 50 aligned 
With the spaced apertures 43 of the main valve 
0 when the pilot valve 2 is in the “off' position, 

as shown in Fig. 1. 
Considering the structure of the main valve it 

and the pilot valve 2 as immediately defined 
above, it will be noted that for the “off’ position 
of the pilot valve 2, as shown in Fig. 1, fluid 
under pressure in the passageway 4 is prevented 
from passing to either of the pressure chambers 
9 or 20 by the land 50. However, when the 

pilot valve 2 is moved to the right in response 
to operation of the solenoid 24, the land 50 is 
also moved to the right, thereby uncovering the 
apertures 43 in the main valve 0 to permit the 
passage of fluid under pressure from the pas 
Sageway 4 through the apertures 43, annular 
groove 44, annular groove 46, and apertures 48 
to the pressure chamber 9. Fluid under pres 
Sure thereby admitted to the pressure chamber 
9 acts upon an annular surface 5 of the main 

valve 0 to force the main valve to the right and 
thereby allow fluid under pressure in the pas 
sageway 4 to be directed to the Working pas 
sageway 5. 

However, the distance through Which the main 
valve 0 is moved to the right is dependent upon 
the distance through which the pilot valve 2 
is moved to the right. That is, the main valve 
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4 
0 moves to the right until the aperture 43 there 

of is again aligned with the land 50 of the pilot 
valve 2, whereupon the land 50 again inter 
rupts the admission of fluid under pressure to 
the pressure chamber 9 and prevents further 
movement of the main valve O to the right. In 
this manner for each movement of the pilot valve 
2 to the right, as governed by the operation of 
the Solenoids 24 and 25, the main valve 0 follows 
in response to fluid pressure established in the 
preSSure chamber 9 until the main valve to has 
moved the same distance to the right and the 
aperture 43 of the main valve O is aligned with 
the land 50 of the pilot valve 2. Moreover, since 
the distance through which the main valve 9 is 
moved to the right determines the area of the 
apertures 32 uncovered, the rate of fluid flow 
from the passageway 4 to the passageway 5 is 
therefore controlled proportionally to the relative 
energization of the Solenoids 24 and 25. 

In the Sane manner, when the pilot valve 2 
is moved a predetermined distance to the left, 
fluid under pressure is passed through the aper 
ture 43 of the main valve 0, the annular groove 
45 of the pilot valve 2 ?, and the annular groove 
4 and associated apertures 49 of the main valve 

to the pressure chamber 20. Fluid pressure 
thereby established in the pressure chamber 20 
acts upon an annular face 52 of the main valve 
i to move the main valve 0 a corresponding 
distance to the left, thereby admitting fluid under 
pressure to the working passageway 6 from the 
inlet passageway 4 and controlling the flow 
thereof proportionally to the relative energiza 
tion of the solenoids 24 and 25. Thus, the move 
ment of the main valve 0 to pass fluid under 
pressure from the passageway 4 to a selected 
one of the passageways 5 and 6 is controlled 
proportionally to the movement of the pilot valve 
2 f by the solenoids 24 and 25. 
To better understand the remaining operations 

and structure of the two-stage valve , I have 
shown a cross-sectional view of a fluid motor 53 
comprising a housing 54 having a cylindrically 
shaped interior 55, a piston 56 slidably positioned 
in the interior of the housing 54, and a piston rod 
57 rigidly connected to the piston 56 and slidably 
positioned in an aperture 58 in an end 59 of the 
motor housing 54. The piston 56 divides the fluid 
notor 53 into two chambers 60 and 6. 
To operate the fluid motor 53 from the control 

valve the working passageways 5 and 6 are 
connected respectively to the chambers 60 and 
6f of the fluid motor 53 by a pair of tubes 62 
and 63, or by other suitable means. Consider 
ing the operation of the valve in connection 
with the fluid motor 53, it will be noted that when 
the main valve O of the control valve is moved 
to the right, fuid under pressure is passed 
through the working passageway 5 of the valve 
to the pressure chamber 60 of the fluid motor 
53 forcing the piston 56 thereof to the right pro 
viding fluid is not locked in the chamber 6 f. 
To provide for the exhaust of fluid from the 
chamber 6 to permit movement of the piston 56 
to the right, a plurality of spaced apertures 64 
and an annular groove 65 are formed in the 
valve sleeve 8. The apertures 64 and groove 65 
provide communication between the dump pas 
sageway 3 of the housing 2 and the annular 
groove 34 of the main valve O when the main 
valve is moved to the right. Thus, when the 
main valve O. is moved to the right, communi 
cation is established between the chamber 6 of 
the fluid motor 53 and the dump passageway 
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3 of the valve through annular groove 36 of 
the housing 2, annular groove 38 and apertures 
40 of the valve sleeve 8, annular groove 34 of 
the main valve 0, and apertures 64 and annular 
groove 65 of the valve sleeve 8. 
When the main valve 0 is moved to the left, 

fluid under pressure is passed from the paSSage 
way 4 through the working passageway 6 to the 
chamber 6 of the fluid motor 53 causing the pis 
ton 56 to move to the left providing the fluid is 
not locked in chamber 60 of the fluid motor 53. 
To provide for the exhaust of fluid from the 
chamber 60 when the main valve 0 is moved to 
the left, a plurality of spaced apertures 66 and 
an annular groove 6 are provided in the Valve 
sleeve 8, the apertures 66 and annular groove 6 
being aligned with the durinp passageway 3. 
Thus, when the main valve is moved to the 
left, communication is established between the 
chamber 60 of the fluid motor 53 and the dump 
passageway 3 through tube 62, passageway 5, 
annular groove 35 of the housing 2, annular 
groove 37 and apertures 39 of the valve sleeve 8, 
annular groove 33 of the main valve 0, and 
apertures 66 and annular groove 6 of the hous 
ing 2. 
A consideration of the structure of main Valve 
as thus far described will indicate that when 

fluid under pressure is admitted to the pressure 
chamber 9 of the valve to move the main 
valve 0 to the right, such movement is pre 
vented unless fluid stored in the pressure cham 
ber 20 on a previous operation of the main valve 
O to the left is exhausted. Therefore, to ex 

haust fiuid from the pressure chamber 20 of the 
control valve on movement of the main Valve 
O to the right, I provide a plurality of spaced 

apertures 68 and an annular groove 69 positioned 
in the main valve C. Communication is there 
by provided between the pressure chamber 20 
and the dump passageway 3 through the aper 
tures 49 and annular groove of the main valve 
0, the annular groove 45 of the pilot valve 2, 

the apertures 68 and annular groove 69 of the 
main valve 0, and the apertures 64 and an 
nular groove 65 of the valve sleeve 8 when the 
main valve to is moved to the right. 
In addition, a plurality of spaced apertures 

70 and an annular groove are formed in the 
main valve 0 to exhaust fluid under pressure 
from the pressure chamber 9 of the control valve 
to the dump passageway 3 through the aper 

tures 48 and annular groove 6 of the main 
valve 9, the annular groove 44 of the pilot valve 
2, the apertures 10 and annular groove 7 of 
the main valve 0, and the apertures 66 and an 
nular groove 67 of the valve sleeve 8 when 
the main valve 0 is moved to the left. 
Those skilled in the art will understand that 

to avoid an unstable condition in the operation 
of a proportional hydraulic valve, such as con 
trol valve f, the ratio of reactive forces to ac 
tuating forces therein must be minimized. For 
example, I have defined the opposing annular 
vertical Surfaces of the grooves 33 and 34 of 
the main valve O by the numbers 12 and 73. 
Those skilled in the art will understand that 
when fluid under pressure is passed from the 
apertures 32 across the surface 72 to the an 
nular groove 33, for example, the flow of fluid 
across the Surface 72 results, in accordance with 
Bernoulli's law, in a smaller pressure on the sur 
face 72 as compared with the fluid pressure on 
the Surface 73. That is, a reactive force result 
ing from the difference in pressures on the Sur 
faces 72 and 73 and dependent upon the rate of 
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6 
flow of fluid through the valve it is established 
On the main valve 0. If the reactive force is 
sufficiently small as compared to the actuating 
force necessary to move the main valve (), no 
difficulty is encountered. Therefore, the ratio 
of reactive to actuating force must be maintained 
at a predetermined minimum. 
The ratio of reactive to actuating forces may 

be reduced by reducing the reactive force or by 
increasing the actuating force. However, the re 
active force developed in the main valve C is 
dependent upon the area of the annular surfaces: 
72 and 73 of the grooves 33 and 34. Moreover, 
the area of surfaces 12 cannot be reduced beyond 
a predetermined minimum depending upon the 
capacity of the valve. That is, to lessen the 
area of surfaces 72 by reducing the depth of the 
annular grooves 33 and 34 reduces the capacity 
of the valve 0 and therefore is not desirable if 
the capacity of the valve 0 is to be maintained. 
Moreover, to reduce the area of surfaces 12 by 
reducing the diameter of the valve G is impos. 
sible where the depth of groove required for a 
given length of groove to maintain the capacity 
of the valve is greater than the radius of the 
Valve. . 
Since the reactive force of the main valve 

is controlled by the area of the surfaces. T2 is 
not susceptible to further reduction, it is neces 
Sary therefore to increase the actuating force to 
maintain a desired ratio of reactive force to ac 
tuating force. The actuating force could be in 
Creased by increasing the size of the solenoids 
24 and 25 and arranging the solenoids to en 
gage and directly operate the main valve 0. 
However, to increase the size of the Solenoids is 
undesirable for reasons of cost and structural 
limitations. Moreover, by use of the pilot valve 
2 in conjunction with the pressure chambers. 
9 and 20, sufficient pressure is obtained on the 
relatively large surfaces 5 and 52 to maintain 
the desired ratio of reactive to actuating force. 
The application of the pilot valve 2 intro 

duces a second reactive force in the valve . That 
is, the grooves 44 and 45 of the pilot valve 2 
form opposing annular vertical surfaces which I 
have numbered 74 and 75. Thus, fiuid under 
pressure admitted to groove 44, for example, by 
moving pilot valve 2 to the right, passes over 
the Surface 74 to produce a smaller pressure 
thereon than is applied to the surface 75. How 
ever, the areas of surfaces 74 and 5 are con 
siderably Smaller than the areas of surfaces 2 
and 73 because of the relatively small diameter 
of the pilot valve 2 f as compared to the diam 
eter of the main valve 10 and because the cross 
Sectional areas required of grooves A4 and 45 
are less than the cross-sectional areas required 
of grooves 33 and 34. That is, groove 33 re 
quires a cross-sectional area sufficient to pass a 
flow of fluid determined by the capacity of the 
valve f, whereas the groove 44 requires a cross 
Sectional area, sufficient only to pass a relatively 
Small quantity of fluid required to pressurize the 
Small chambers 9 and 20. Therefore, since the 
area of Surface 74 is considerably smaller than 
the area of surface 72, a relatively smaller reac 
tive force is developed in the pilot valve 2 as 
compared to the reactive force developed in the 
main valve 0 and proportionately small actu. 
ating pressure is required of the solenoids 24 
and 25 to maintain a desired ratio of reactive 
force to actuating force necessary for stable op 
eration of the pilot valve 2. 

Therefore, in accordance with my invention, 
75 I have provided a two-stage proportional hy 
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draulic control valve in which reactive forces 
are reduced by the addition of a pilot valve to 
per mit operation of the control valve by a mini 
nam actuating force thereby reducing the cost 
of the actuating means of the valve while main 
taining stable operating conditions therein. 

Further, by my invention I have produced a 
two-stage proportional hydraulic control valve of 
simple structure and reliable operation in which 
proportional operation between the pilot valve 
and main valve therein is obtained directly by 
locating the pilot valve within the main valve 
and by providing suitable cooperatively arranged 
apertures and annular grooves as described above 
in detail whereby the use of additional position 
indicating devices such as springs, linkages, 
or electrical pickoffs required in conventional 
two-stage proportional hydraulic valves are 
eliminated. 
While f have shown and described a particular 

embodiment of my invention, it will be obvious 
to these skilled in the art that various changes 
and modi ons may be made without depart 
ing from my invention in its broader aspects, 
and I therefore aim in the appended claims to 
cover all such changes and modifications as fall 
within the true spirit and scope of my in 
vention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
l. A two-stage hydraulic control valve com 

prising a housing having an inlet passageway, 
a pair of spaced working passageways, and a 
hollow cylindrical interior, a cylindrical valve 
sleeve assembled in fixed position in said housing 
interior, said valve sleeve having a cylindrical 
hollow interior, a cylindrical main valve in said 
valve sleeve having a hollow cylindrical interior 
and opposite projecting ends of reduced diam 
eter, said main valve having an external diam 
eter slightly less than the interior diameter of 
said valve sleeve so as to be slidably positioned 
in said valve sleeve, opposite closed ends for said 
housing, said ends having aligned apertures to 
accommodate said projecting ends of said main 
valve and provide for slidable movement of said 
main valve in said valve sleeve, said valve sleeve, 
said housing ends and said main valve having 
adjacent surfaces forming a pair of pressure 
chambers, one at each end of said main valve, 
a cylindrical pilot valve in said main valve having 
an external diameter slightly less than the in 
terior diameter of said main valve so as to be 
slidably journalled in said main valve, said hous 
ing, valve sleeve, and main valve having a plu 
rality of associated spaced apertures and annular 
grooves to provide for the passage of fluid from 
said inlet passageway to a selected one of said working passageways dependent upon the posi 
tion of said main valve in said housing, said valve 
sleeve and said housing having a plurality of 
apertures and annular grooves spaced to provide 
for the removal of fluid from a selected one of 
said working passageways dependent upon the 
position of said main valve in said valve sleeve, 
said main valve, said pilot valve and said sleeve 
having a plurality of apertures and annular 
grooves cooperatively spaced to provide for the 
removal of fluid from a selected one of Said pres 
sure chambers dependent upon the operation of 
said main valve, said valve sleeve, said main 
valve and said pilot valve having a plurality of 
cooperatively spaced apertures and annular 
grooves to admit fluid under pressure to a se 
lected one of said pressure chambers dependent 
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8 
upon the operation of said pilot valve to actuate 
Said main valve in a desired direction, and actu 
atting means external of Said housing and en 
gaging said ends of said pilot valve to operate 
the same. 

2. A two-stage hydraulic control valve compris 
ing a housing having a hollow cylindrical interior, 
a Spaced inlet passageway, a pair of Spaced Work 
ing passageWays, and a dump paSSageWay, each 
of said passageways communicating with the ex 
terior of said housing, a valve sleeve having a 
cylindrical periphery engaging the interior of 
Said housing and having a hollow cylindrical in 
terior, a main valve slidably positioned in said 
valve sleeve, Said main valve having an outer pe 
riphery engaging the interior surface of said valve 
sleeve, a hollow cylindrical interior of relatively 
Small diameter as compared to the diameter of its 
outer periphery, and opposite ends of reduced 
diameter, opposite closed ends for said housing, 
said housing ends having aligned apertures to ac 
commodate the ends of said main valve, a cylin 
drical pilot valve slidably journaled in the interior 
of Said main valve, Said housing ends, said valve 
sleeve and said main valve having adjacent sur 
faces forming two pressure chambers one at each 
end of Said main valve to control the slidable 
movement thereof in accordance with the rela 
tive fluid pressures in said pressure chambers, 
Said valve sleeve, said main valve, and said pilot 
Valve having a plurality of associated spaced ap 
ertures and annular grooves to admit fluid under 
preSSure to a Selected one of Said pressure cham 
bel's in response to movement of said pilot valve 
in a selected direction thereby to control the op 
eration of Said main valve in response to a select 
ed operation of Said pilot valve, said valve sleeve 
and said main valve having associated spaced ap 
ertures and annular grooves to admit fluid under 
pressure to a selected one of said working pas 
Sageways in response to the selected movement 
of Said main valve by Said pilot valve, said valve 
Sleeve and Said main valve having a plurality of 
asSociated Spaced apertures and annular grooves 
to pass fluid from a selected one of said working 
paSSageWays to said dump passageway in response 
to a Selected Operation of said main valve, said 
main valve, said pilot valve and said valve sleeve 
having a plurality of associated spaced apertures 
and annular grooves to allow fluid to be exhausted 
to Said dump passageway from the particular one 
of Said pressure chambers in whose direction said 
main valve is moving on a particular operation 
thereof to avoid the development of a back pres 
Sure on Said main valve preventing operation 
thereof, and actuating means external of said 
housing and engaging opposite ends of said pilot 
valve to operate the same. 

3. A two-stage hydraulic control valve compris 
ing a housing having an elongated cylindrical in 
terior, a Spaced inlet passageway, a pair of spaced 
Working passageways, and a dump passageway, 
each of said passageways communicating with the 
exterior of Said housing, a valve sleeve having a 
cylindrical periphery engaging the interior of said 
housing and a hollow cylindrical interior, a main 
valve Slidably positioned in said valve sleeve, said 
main valve having an outer periphery engaging 
the interior surface of said valve sleeve, a hol 
low cylindrical interior of relatively small diam 
eter as compared to the diameter of its outer pe 
riphery and opposite ends of reduced diameter, 
opposite closed ends for said housing, said hous 
ing ends having aligned apertures to accommo 
date the ends of said main valve, a cylindrical 
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pilot valve slidably journaled in the interior of 
said main valve, said housing, valve sleeve, and 
main valve having a plurality of spaced apertures 
and a plurality of associated annular grooves co 
operatively spaced to provide communication be 
tween said inlet passageway and a Selected one of 
Said Working passageways dependent upon the 
position of said main valve in said valve sleeve, 
said valve sleeve having an additional plurality of 
apertures and annular grooves cooperatively 
spaced with respect to said first mentioned aper 
tures and annular grooves to exhaust fluid un 
der pressure from a selected one of said Working 
passageways in response to a selected operation of 
Said main valve, a pair of pressure chambers, One 
at each end of said valve formed by adjacent sur 
faces of said valve sleeve, said housing ends and 
said main valve, a pilot valve slidably positioned 
in said main valve, Said pilot valve having a pair 
of spaced annular grooves forming a centrally 
disposed land portion, said main valve having an 
additional plurality of spaced apertures and an 
nular grooves cooperatively arranged with respect 
to said land portion and said spaced annular 
grOOves of Said pilot valve to admit fluid under 
pressure from said inlet passageway to a selected 
One of said pressure chambers to selectively oper 
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10 
ate said main valve in response to a selected op 
eration of said pilot valve and to interrupt com 
munication between said inlet passageway and 
said pressure chambers when said main valve and 
pilot valve are aligned, said main valve having a 
further plurality of spaced apertures and annu 
lar grooves cooperatively arranged with respect 
to Said apertures and annular grooves of Said 
valve sleeve to exhaust fluid under pressure from 
a selected One of Said pressure chambers depend 
ent upon the operation of Said main valve, and 
actuating means external of said housing and 
engaging said ends of Said pilot valve to oper 
ate the same. 

EARLER, WALTHERS. 
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